Introduction
Intestinal absorbing cells are highly polarized with an apical brush border membrane separated from the basolateral side of the cell by tight junctions. These membranes are morphologically and functionally distinct. In mature enterocytes the brush border membrane contains the protein equipment that ensures the terminal digestion and absorption of nutrients. The entry of hexoses into the epithelium of the small intestine involves the presence of disaccharidases, like sucrase-isomaltase, lactase etc., and of sugar transporters, like the Na+-i)-glucose cotransporter for the uptake of glucose and galactose and the fructose transporter, both proteins being associated with the brush border membrane of the cells [ 11. The exit of. glucose, galactose and fructose is ensured by a unique transporter located in the basolateral membrane of the cells [2,31. IIexose transporters are under the control of Hecause Caco-2 cells seemed heterogeneous, simple answers to these questions cannot be obtained using the parental population. Therefore the cell line was cloned in both early and late passages of the cells using a limit dilution technique [ 171. Twenty six clones was obtained, eight from passage 29 and 18 from passage 198. For an initial screening of the clones, the rates of glucose consumption, and the activities of brush border membrane-associated hydrolases, sucrase and dipeptidylpeptidase IV (DPPIV) were measured.
Additionally, immunodetection of membrane-associated proteins (villin, sucrase-isomaltase, GI.UT5, GLUT1, DPPIV, etc.), was performed. Subsequently, seven representative clones were selected: three clones (PD10, PD7 and PF11) from the early passage and four clones (TC7, TF3, TRlO and TG6) from the late passage. All clones exhibited a well-organized brush border membrane in the stationary phase of growth. These clones, however, differ dramatically, in a 40-50-fold range, as to their glucose consumption rates and levels of expression of sucrase-isomaltase which was shown to be negatively regulated by glucose [ 171.
Expression of hexose transporters in Caco-2 clones
The expression of SGLT1 and GLUTl-GLUT5 was followed during the growth-differentiation process in the seven clones in relation to the differences in glucose consumption rates of the cells. The expression of hexose transporters varied from one clone to another and from the exponential to the stationary phase of growth. GLUT1 and GLUT3 mRNA levels were found to be highest in actively dividing cells and to decrease rapidly after conflu-682 ency during the onset of differentiation. The decrease in GLUT1 and/or GILJT3 paralleled that measured for the glucose consumption rates, suggesting that they may participate in the ability of the cells to consume glucose. Indeed, it has been suggested that the expression of GLUT1 and GLUT3 in human tumours of the digestive tract and in the parental population of Caco-2 cells is increased compared with malignant status [ 141. Our results further indicate that their level of expression may be related to the alterations of glucose consumption of malignant enterocytes, as the expression of GLUT 1 and GLUT3 are closely related to the individual and specific level of glucose consumption of each clone. On the contrary, the expression of GLUT2, GI,UTS and SGLT1 is restricted to low-glucoseconsuming clones and depends on the onset of differentiation, mRNAs encoding these transporters being undetectable before confluency [ 181. Although GLUTS and SGLT1 are expressed to measurable amounts in early post-confluent cells (day 7 3 , it is only on day 1.5 that GLUT2 can be measured [ 181. Moreover, the expression of SGLT1, GLUTS and GLUT2, which are associated with the function of normal small intestine, is restricted to clones that exhibit low rates of glucose consumption. The expression of GLUT1 and GLUT3 therefore appears to have inverse kinetics compared with that observed for GILJT2, GLUTS and SGLT1 in low-glucose-consuming cells ( Figure  1 ). It seems therefore that the control of the expression of hexose transporters depends on the differentiation of the cells and on the metabolic status of the cells, i.e. glucose consumption rates.
Protein localization of GLUT2 and GLUT5 transporters
The fructose transporters GLUT2 and GLUTS are respectively basolateral and brush border membrane-associated proteins in normal enterocytes. 
Modification of the hexose supply to Caco-2 cells
To assess whether the expression of GL1JT2, GI,[ITS and SGLTI could be altered by niodifications of the glucose supply to the cells, clones from the high-(I'D10 and I T 1 1) or low-glucoseconsuming groups (TC7 or PI17) were cultured in low-glucose ( 1 niM) media. llnder these conditions, and in the stationary phase of growth (day ZO), cell number and glucose consumption rates for each clone was identical to those measured in the standard (25 mM glucose) conditions (Table I) . In all clones, the amount of GLUT1 and GI,UT3 mRNA decreased, differing therefore from non-epithelial cultured cells such as murine fibroblasts [ 19,201, pancreatic islets in culture [21] and I h skeletal muscle cells [ 22,231, which exhibit an enhanced GLlJTl expression in low-glucose culture conditions. The brush border membrane-associated transporters, GI,UTS and SGI,Tl, were also downregulated in glucose-restricted cells that spontaneously express them (PD7). Surprisingly, GLUT2 mHNA levels were poorly or not modified in these cells, suggesting that the amount of glucose (1 InM) which is provided to the cells is sufficient to ensure full expression of GLUT2 but not of GLUTS. In the high-glucose-consuming cells, PDlO or PF11, GLUT2 mRNA were expressed in cells cultured in 1 mM glucose culture conditions. Two types of Caco-2 clones, therefore, emerge exhibiting apparently opposite regulation of GLUT2: low-glucoseconsuming clones that seem not to regulate the expression of GLUT2 and high-glucose-consuming clones which express GLUT2 when grown in low glucose.
To investigate further the effect of glucose on GIJUT2, cells were grown in 25 mM glucose medium until day 20 of culture and then switched to a hexose-free medium. This switch was not com- 24-281. From the above results it seems that lowglucose-consuming Caco-2 cell clones constitute good in vitro models for the future investigations of the control of hexose-transporter expression by dietary sugars. However, the observed discrepancies in the regulation of the expression of GLUT2 in low-and high-glucose-consuming clones suggest that refined control mechanisms of its expression exist depending on the combined effect of quantity of sugar supply and specific metabolic rates of the cells. Alternatively, these results may indicate that low-and high-glucose-consuming clones undergo independent mechanisms of control of the expression of GLUT2. Glucose-induced insulin secretion requires glucose Abbreviation used: CAT, chloramphenicol acetyl transferase.
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to be taken up by / 3 cells, to be phosphorylated by glucokinase, a high-K,,, hexokinase isoform, and further catabolized through the glycolytic pathway A-characteristic of this signalling system is that insulin secretion is initiated when the extracel-
